Staphylococcus aureus is globally one of the most important pathogens causing contagious mastitis in cattle. Previous studies, however, have demonstrated in Swiss cows that Staph. aureus isolated from bovine intramammary infection is genetically heterogeneous, with Staph. aureus genotype B (GTB) and GTC being the most prominent genotypes. In addition, Staph. aureus GTB was found to be contagious, whereas Staph. aureus GTC and all the remaining genotypes were involved in individual cow disease. The aim of this study was to subtype strains of Staph. aureus isolated from bovine mastitic milk and bulk tank milk to obtain a unified view of the presence of bovine staphylococcal subtypes in 12 European countries. A total of 456 strains of Staph. aureus were subjected to different typing methods: ribosomal spacer PCR, detection of enterotoxin genes, and detection of gene polymorphisms (lukE, coa). Major genotypes with their variants were combined into genotypic clusters (CL). This study revealed 5 major CL representing 76% of all strains and comprised CLB, CLC, CLF, CLI, and CLR. The clusters were characterized by the same genetic properties as the Swiss isolates, demonstrating high clonality of bovine Staph. aureus. Interestingly, CLB was situated in central Europe whereas the other CL were widely disseminated. The remaining 24% of the strains comprised 41 genotypes and variants, some of which (GTAM, GTBG) were restricted to certain countries; many others, however, were observed only once.
INTRODUCTION
Staphylococcus aureus is the most important pathogen responsible for contagious IMI in cattle worldwide (Sears and McCarthy, 2003) . A study by Fournier et al. (2008) demonstrated in Swiss cows that Staph. aureus isolated from bovine IMI is a genetically heterogeneous group. By PCR amplification of the 16S-23S rRNA intergenic spacer region (ribosomal spacer-PCR, RS-PCR), 17 genotypes were detected in 101 epidemiologically independent isolates. Genotype B (GTB) and genotype C (GTC) were most common (80.2%), whereas the other 15 genotypes occurred rarely, each comprising 1.0 to 4.0% of all the isolates. The same study and that of Graber et al. (2009) further demonstrated that the genotypes were highly associated with their virulence gene pattern. In particular, Staph. aureus GTB was characterized by the presence of the enterotoxin genes sea, sed, and sej, and a SNP in the lukE gene (lukEB). In contrast, Staph. aureus GTC was positive for sec, seg, and tst, and negative for lukEB. The remaining genotypes were heterogeneous in their pattern. The same studies (Fournier et al., 2008; Graber et al., 2009 ) revealed remarkable differences in IMI prevalence among Staph. aureus GTB, GTC, and the other genotypes: up to 87% of cows in a herd were infected by strains of GTB and cows typically had 2 or more quarters infected. In the case of GTC and the other genotypes, however, IMI was only found in 1 to 2 cows of a herd, and just 1 quarter of a cow was infected. Staphylococcus aureus GTB is involved in herd problems with high cost in Swiss dairy farming, whereas the remaining genotypes cause IMI of individual cows and are, therefore, financially less problematic. As a consequence, genotyping by RS-PCR, as described by Fournier et al. (2008) , allows reliable prediction of the epidemiological type of bovine IMI caused by Staph. aureus.
Besides the RS-PCR of Fournier et al. (2008) , other typing methods have been described for subtyping bovine strains of Staph. aureus (Rabello et al., 2007; Hwang et al., 2010; van den Borne et al., 2010; Sakwinska et al., 2011; Tavakol et al., 2012) . Two common methods are spa typing (Harmsen et al., 2003) and multilocus sequence typing (MLST; Enright et al., 2000) . The former is based on DNA sequencing of the variable spacer region of the staphylococcal spa gene, whereas the latter requires the sequencing of 7 housekeeping genes. Other methods comprise pulsed-field gel electrophoresis or binary typing (Zadoks et al., 2000) . All of these methods are effective in obtaining insight into the pathogenesis of bovine IMI caused by Staph. aureus, but their suitability for large clinical investigations is hindered by low throughput and high cost.
The aim of the present study was to subtype strains of Staph. aureus isolated from bovine mastitic milk and bulk tank milk (BTM) to obtain a unified view about the presence of bovine staphylococcal subtypes in 12 European countries. For this purpose, we applied an extended spectrum of typing methods, including RS-PCR as conducted by Fournier et al. (2008) , analysis of virulence genes, and analysis of the lukEB and coa polymorphisms. We were particularly interested in mapping the presence of Staph. aureus GTB and other genotypes in different countries.
MATERIALS AND METHODS

Sample Collection
Twelve European countries participated in this study: Austria, Belgium, France, Germany, Ireland, Italy, Macedonia, the Netherlands, Norway, Slovenia, Sweden, and Switzerland. In total, they contributed 1,685 samples of various types (Table 1) . They included aseptically collected bovine milk samples from single quarters (SQM), BTM samples collected from the top lid of the tank after previous agitation of the milk for 10 min (NMC, 1999) , and strains of Staph. aureus taken from the authors' bacterial culture collections (BC). The BC strains had all been obtained from milk of cows with subclinical IMI using aseptic sample collection.
The BTM and SQM samples were all selected from herds where IMI caused by Staph. aureus had been observed during the past year. The countries and regions delivering BTM samples are listed in Table 1 and illustrated in Figure 1 . The SQM samples were obtained from France, Germany, Ireland, Macedonia, Norway, and Slovenia (Table 1) . Among these countries, cows of the herds to be sampled were selected according to different criteria, including, at maximum, all lactating cows of a herd or, at minimum, the quarters positive by California Mastitis Test (CMT). Regardless of the selection criterion, however, SQM samples were collected aseptically. Cows with clinical mastitis and those under antimicrobial treatment were excluded. The SQM and BTM samples originated from 231 farms. The Swiss strains were taken from the authors' strain collection, of which a random subset of Staph. aureus GTB (n = 39) and GTC (n = 32) was included in the present study. For the other Swiss genotypes, all available strains of the strain collection were used (n = 15).
After collection of the SQM and BTM samples, they were stored at −20°C until they were transported to the central laboratory where storage was continued at −20°C until further use. During transport to the laboratory, they were kept frozen using styrofoam boxes and dry ice (for long distances) or wet ice (for short distances). The strains from outside of Switzerland were received as cultures or swabs. They were transported at room temperature and stored at 4°C until use within 5 d.
Bacteriological Culturing
The SQM and BTM samples were thawed and warmed to 37°C for 10 min in a water bath and gently mixed to obtain a homogeneous suspension. The SQM samples of each herd were then pooled by adding equal volumes (500 µL) to a common tube to create an SQM pool. Thirty microliters of each SQM pool or BTM was plated on CHROMagar Staph. aureus plates (CHROM, CHROMagar, Paris, France) and incubated at 37°C for 24 h. This culture medium was recently shown to have excellent diagnostic properties for Staph. aureus isolated from cow milk (Graber et al., 2013) .
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In parallel to CHROM, 10 µL was plated on blood agar (BA, BioMérieux, Geneva, Switzerland) and incubated at 37°C for 24 h to assess bacteria present in the samples. Bacterial strains were directly streaked on CHROM and BA. The bacteria on BA were judged according to the guidelines of the National Mastitis Council (NMC, 1999) based on morphology, hemolysis, catalase reaction, and Gram stain by a scientist with experience in phenotypic identification of bacteria.
Prior calculations revealed that plating 30 µL of SQM pool milk on a CHROM plate (see above) would provide, on average, 13 colonies of Staph. aureus if 7.1% of the cows were infected by Staph. aureus GTC (i.e., the median cow prevalence for GTC; Fournier et al., 2008) and each infected cow were shedding average amounts of Staph. aureus (5,900 cfu/mL; Studer et al., 2008) . Similar numbers of colonies are expected for other genotypes (GTOG) as for GTB and GTC (median cow prevalence = 6.3%; Fournier et al., 2008) . For Staph. aureus GTB with a median cow prevalence of 47.2% (Fournier et al., 2008) , 84 staphylococcal colonies would be expected. If SQM pools were prepared from CMT-positive quarters of a herd only, >100 colonies of Staph. aureus GTB, GTC, or GTOG would be assumed to be present on the CHROM plate. The considerations made above for SQM pools are also largely valid for BTM samples if the following conditions are fulfilled: (1) the infected gland of the cows is the principal source of Staph. aureus on the farm and other sources are largely negligible (an assumption confirmed by Sears and McCarthy, 2003) ; and (2) the cows with subclinical IMI are milked into the tank, a practice that is frequently observed in the field.
DNA Extraction
Pink to dark pink (i.e., mauve) colonies grown on CHROM plates were further used. According to Graber et al. (2013) and the manufacturer (www.chromagar. com), colonies of this color are indicative of Staph. aureus. The SQM pool and BTM samples together provided 150 CHROM plates showing typical colonies. On each plate, 10 mauve colonies (or as many colonies as were available) were randomly picked: on 93 plates, 10 colonies per plate were selected (35 plates from SQM pools/58 plates from BTM); on 15 plates, 6 to 9 (5 SQM pools/10 BTM) colonies were selected; on 29 plates, 2 to 5 (3 SQM pools/26 BTM) colonies per plate were selected, and on 13 plates (all BTM), 1 colony was selected. For BC, 3 colonies were picked. If Staph. aureus GTB was present in SQM pools or BTM (n = 16), 10 colonies could always be sampled. In 14 cases, each of the 10 colonies per case was GTB-positive and in 2 cases, 9 and colonies, respectively, were GTB-positive.
In total, 2,335 colonies were selected. Each colony was resuspended in 100 µL of TEL buffer (10 mM Tris/ HCl, 10 mM EDTA; pH = 8.5), incubated at 95°C for 10 min, and immediately placed on ice. The lysates were then diluted 1:100 in H 2 O to be used as templates for the different types of PCR (Table 2) . For multiplex PCR, the lysates were further purified as described by Graber et al. (2009) , including treatment with mutanolysin and lysozyme followed by DNA extraction using a column. The elution volume was 100 µL.
Identification by PCR, Genotyping, and Strain Selection
All DNA samples (n = 2,335) were first analyzed by melting curve PCR (mPCR) for nuc as described by Syring et al. (2012) . The nuc gene is highly specific for Staph. aureus (Brakstad et al., 1992; Graber et al., 2007) and was therefore used for definitive identification of the picked colonies. All nuc-positive isolates were considered to be strains of Staph. aureus and were then genotyped by RS-PCR using a miniaturized electrophoresis system (Agilent Technologies, Santa Clara, CA) as described by Fournier et al. (2008) . After genotyping, one representative isolate of each genotype found in each SQM pool, BTM sample, or BC was selected, resulting in a total of 456 strains of Staph. aureus (Table  1) . Two hundred eighty strains were obtained from BC and SQM pools, and 176 strains were from BTM. All strains were used for definitive analysis.
New genotypes were named and extended according to Fournier et al. (2008) , leading to the genotypes GTA to GTZ, followed by the genotypes GTAA to GTAZ and GTBA to GTBN. An electrophoretic pattern differing in 1 band from an identified genotype was considered a genotypic variant. Variants were indicated by roman numerals in superscript following the name of the genotype (e.g., GTR I , GTR II ). Variation in more than one band was regarded as a new genotype. To identify genotypes and their variants, a recently developed in-house computer program was applied (Syring et al., 2012) . Genotypes and their variants isolated from SQM pools and BTM encompassing at least 5% of all strains were combined into genotypic clusters (CL). Genotypes and their variants were considered to be involved in IMI if the isolates were obtained from aseptically taken milk samples as in the case of the SQM pool or the BC strains.
PCR for Virulence Genes
Polymerase chain reaction for the coa gene coding for coagulase was performed as described by Fournier et al. (2008) . Multiplex PCR for the enterotoxin genes seb, see, and seh was performed using purified lysates and the primers of Monday and Bohach (1999) , as described by Graber et al. (2009) . Monoplex mPCR was run for sea, sec, sed, seg, sei, sej, and tst (coding for the toxic shock syndrome toxin-1). For all these mPCR, the total volume was 20 µL containing 300 nM of both primers (Table 2) , 1× Kapa Sybr Fast (Kapa Biosystems Inc., Woburn, MA), and 2.5 µL of 1:100 diluted DNA template. The mPCR run began with an initial step at 95°C for 3 min, followed by 35 cycles of denaturation at 95°C for 3 s, annealing and extension in a single step at 60°C for 50 s, and a final extension step at 60°C for 5 min. In the case of sec, sei, and tst, annealing was performed at 55°C for 50 s followed by extension at 72°C for 2 s. Melting of the amplicons was performed between 60°C and 94°C, with increments of 1°C and a 5-s waiting time at each step. The mPCR were run in a Rotor-Gene 6000 real-time thermal cycler (Corbett Life Science, Mortlake, Australia).
Figure 1. European countries and regions contributing isolates of
Staphylococcus aureus to the present study. Bacterial isolates were obtained from milk samples taken in the indicated regions ( ); countries shaded in gray indicate sampling of milk throughout the country. at = Austria; be = Belgium; ch = Switzerland; de = Germany; fr = France; ie = Ireland; it = Italy; mk = Macedonia; nl = the Netherlands; no = Norway; se = Sweden; si = Slovenia.
Using mPCR analysis, a single melting peak together with an appropriate melting curve of the positive control was regarded as a positive result for the detected gene. Detection of the SNP lukEB within the lukE gene was detected as described by Boss et al. (2011) using real-time PCR for this target.
Statistical Analysis
Data were expressed as frequencies or percentages except in the case of the coa amplicons, which were presented as median, minimum, and maximum. After single-factor ANOVA by the Kruskall-Wallis test, the size of coa amplicons was compared among countries using the Mann-Whitney U-test. As in the publication of Fournier et al. (2008) , the method of generalized estimating equations (GEE) was used to compare CL among each other based on the analyzed genes. The GEE method was introduced by Liang and Zeger (1986) and allows analysis of longitudinal data or repeated measures, as in the present case. If a Staph. aureus strain showed a positive PCR result for a particular gene or polymorphism it was classified as present (1); otherwise, it was considered absent (0). For the present study, 11 of these binary variables were included in the GEE analysis. The GEE procedure was also applied for comparing the virulence gene patterns among countries (covariate "country") and for comparing the type of sample (covariate "sample type") from which the strains were isolated; BC strains and strains isolated from SQM pools were coded as 1 (because they are all isolated from bovine IMI), and strains isolated from BTM as 0. These analyses were performed for each CL separately. Computation was performed using the geepack library of the R 3.0.2 statistical software package (R Core Team, 2013) . If not otherwise stated, statistical data evaluation was performed using the Systat 13 software (Systat Software Inc., Chicago, IL). Significance was defined at P < 0.05. For all statistical computations in which multiple testing was necessary, P-values were adjusted according to Holm (1979) .
RESULTS
Overview
In the present study, which included 12 European countries, 456 strains of Staph. aureus (Table 1) were analyzed for genotype, coa polymorphism, lukEB, and virulence gene pattern. In Table 3 , the resulting 5 major CL are listed; Table 4 presents all other, rare genotypes (n = 41) merged to one CL (CLOT).
According to Table 3 , CLB, CLC, CLF, CLI, and CLR were the major genotypic clusters, for strains isolated from both SQM pools and BTM. In addition, both types of isolates showed the same clusterdependent virulence gene patterns: CLB was typically positive for sea, sed, sej, and lukEB, and was negative (2011) 1 coa = gene coding for coagulase; RS = 16S-23S rRNA intergenic spacer region; sea to sej = genes of Staphylococcus aureus coding for the enterotoxins A to J, respectively; tst = gene coding for the toxic shock syndrome toxin-1; nuc = gene coding for thermonuclease; lukEB = SNP within the lukE gene (coding for leukotoxin E).
for the other factors, whereas CLC strains were positive for sec, seg, sei, and tst but negative for sea, sed, sej, and lukEB. For CLF, both types of isolates showed a positive result for seg and sei, but were typically negative for lukEB. In the case of CLI and CLR, the isolates were almost exclusively negative for all the analyzed enterotoxin genes, but were positive for lukEB. In rare cases, strains were positive for sea, seg, or sei (Table 3) .
Comparing the different clusters among each other by the statistical GEE procedure, the following results were then obtained: for all comparisons except CLF versus CLOT (P = 0.007) and CLI versus CLR (P = 0.238), the values of P were always <0.001.
Cluster B
Cluster B strains (overall n = 80) were observed in 6 countries (Austria, Belgium, France, Germany, Italy, and Switzerland) but were not found in Ireland, Slovenia, Macedonia, Norway, the Netherlands, or Sweden (Table 5) . Interestingly, CLB was detected in the south (Baden-Württemberg), but not in north (Niedersachsen) or in the middle (Thüringen) of Germany. Variant GTB I was found in Switzerland and Germany. For Belgium and Italy, one strain was positive for GTB II and GTB III , respectively. All of the CLB strains isolated from SQM pools and BTM were positive for lukEB and many were positive for sea (59%), sed (83%), and sej (80%). None of the other tested enterotoxin genes were observed, and none of the strains were positive for tst. In addition, we compared the virulence gene patterns of CLB among countries and the type of milk sample from which the isolates were obtained (SQM pool vs. BTM) by the GEE procedure. For the "country" covariate, we obtained a value of P = 0.236; for the "sample type" covariate, we obtained a value of P = 0.282. sea to sej = genes coding for staphylococcal enterotoxins A to J, respectively; tst = gene coding for the toxic shock syndrome toxin-1; lukEB = SNP within the lukE gene. 
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The coa amplicon size ranged between 549 and 652 bp. Comparing the size of the amplicons among countries in which at least 10 CLB strains had to be present (Table 5) , we observed a significant difference between the Swiss (reference) and German (P < 0.001) and between the Swiss and Italian strains (P < 0.001).
The median values for the Austrian and Swiss strains, however, were almost identical. All genotypic variants of CLB were involved in bovine IMI (Table 3) .
Cluster C
This cluster was the largest and included 115 strains in total (Table 3) ; representatives were detected in almost every country except for Macedonia and Slovenia (Table 5 ). All strains, whether isolated from SQM pools or from BTM, were negative for lukEB (Table 3) . They were almost exclusively positive for seg and sei (BTM strains) and many were positive for sec (49%) and tst (43%). None of the other tested enterotoxin genes were observed. Variant GTC I was observed in Switzerland less frequently than in the other countries, and GTC II was only detected in Belgium and Germany. In addition, the virulence gene patterns of CLC among countries and the type of milk sample from which the strains were isolated (SQM pool vs. BTM) were compared by the GEE procedure. For covariates "country" and "sample type," the P-values were 0.776 and 0.902, respectively. The size of the coa amplicons ranged between 544 and 660 bp (Table 3 ). The medians were very similar among IMI-associated and BTM strains (Table 3 ) and among countries (Table 5) , except in the case of the German strains, where the median size of the coa amplicons was considerably smaller than that of the Swiss strains (P < 0.001). Genotype C and variants GTC I , GTC II , and GTC III were all involved in bovine IMI (Table 3) .
Cluster R
Strains of CLR (overall n = 96) were frequently observed and present in all countries except Italy (Table  5 ). With 8 variants in total (Table 3) , CLR was the most divergent genotypic cluster. Most of the variants were described for the first time.
Except for 3 strains, CLR was characterized by the lack of all the analyzed enterotoxin genes. This observation was true for strains isolated from SQM pools and from BTM. They were almost exclusively positive for lukEB. For covariate "sample type," GEE analysis revealed a value of P = 0.443. For covariate "country," GEE analysis was impossible (matrix singularity) as the virulence gene pattern differed minimally among the countries (Table 3 ). The medians of the coa amplicons were very similar among IMI-associated and BTM strains, resulting in values of 931 and 927 bp, respectively (Table 3) . Genotype R and all of its variants except GTR IV and GTR VII were involved in IMI (Table 3) .
Cluster F and Cluster I
Compared with the previous clusters, CLF and CLI were considerably smaller, consisting overall of 31 (7%) and 23 (5%) strains, respectively (Table 3) . As shown in Table 5 , strains of CLF were predominantly observed in France although they was also present in other countries. All CLF strains isolated from SQM pools and BTM (Table 3) tested positive for sei and most for seg. Genotype F was most frequently observed. The strains were normally lukEB-negative and the median size of coa for CLF was 628 bp for strains involved in IMI and 630 bp for strains from BTM (Table 3) , respectively. Genotype F and its variants were all involved in bovine IMI (Table 3) .
For CLI, the corresponding strains were mainly detected in Belgium and Germany (Table 5) . Genotype I and variants GTI I and GTI IV were highly consistent in their genetic properties-all were negative for all the analyzed enterotoxin genes and all were positive for lukEB (Table 3 ). In contrast, GTI II and GTI III (one strain each) were positive for sei and seg and negative for lukEB. For CLI, the median sizes of coa were 838 bp (IMI-associated) and 891 bp (BTM); IMI were observed for GTI, GTI I and GTI II (Table 3) . Regarding the covariate "sample type," GEE analysis revealed for CLI and CLF P-values of 0.841 and 0.947, respectively. For covariate "country," GEE analysis was impossible (matrix singularity) as for both CL the virulence gene patterns differed minimally among the countries (Table 3) .
Other Genotypes (CLOT)
In total, 111 (24%) CLOT strains were detected (Table 4) . They included 41 genotypes and variants, with each comprising overall less than 5% of the total strains (n = 456). Many were observed only once or twice (Table 4) .
Considering the genotypes originally described in Switzerland (GTA, GTD, GTE, GTG, GTH, GTJ, GTL, GTM, GTN, GTO, GTP), they and their variants were sporadically detected in the other countries. Genotype A was only observed in Switzerland (Table  5) ; GTE was detected in Austria, Ireland, Germany, and Switzerland but the GTE strains were not constant in their virulence gene pattern (Table 4) . Most of the GTE were positive for seg, sei, and lukEB, one strain was positive for sea, and 3 were positive for sed and sej. The genetic properties of the most frequent CLOT genotypes, GTS (n = 10), GTZ (n = 18), GTAM (n = 11), are outlined below. None of the GTS had the analyzed enterotoxin genes and were negative for lukEB, regardless of whether the strains had been isolated from SQM pools or from BTM (Table 4) . Eleven out of 18 GTZ strains (61%) were positive for seg and sei, and 2 were positive for sec and tst. The GTZ strains were inconsistent with respect to lukEB. All of the GTAM strains were positive for lukEB and usually negative for the analyzed enterotoxin genes. In 3 cases, the sea gene was observed, and in 1 case, the combination of sec, seg, sei, and tst was observed; the virulence gene pattern, however, was inconsistent. For GTBG, some of the strains were positive for seg and sei, whereas all of them were lukEB-negative. Interestingly, GTAM and GTBG were both restricted to certain countries. In the case of GTAM, it was observed in Austria, Germany, and the Netherlands whereas GTBG was only detected in Belgium and the Netherlands.
Considering CLOT, various genotypes and their variants (n = 25) were involved in bovine IMI (Table 4) . For the remaining genotypes, no association could be made as they were isolated from BTM.
DISCUSSION
This study demonstrates that the same bovine genotypes of Staph. aureus detected in Switzerland are also present in other European countries. The 2 most important genotypic clusters for Switzerland, CLB and CLC, were also frequently detected in several of these countries and were characterized by the same genetic properties as the Swiss clusters. The same was true for other clusters such as CLF and CLI.
In total, 12 countries from the north to the south of Europe participated in the present study. The samples comprised SQM, BTM, and strains from the authors' strain collections (BC). They were largely obtained from the collection area of the collaborators. As a consequence, the samples do not allow representative conclusions to be drawn about the presence and frequency of the various staphylococcal subtypes within and between countries. The main goal of the present study was, however, to obtain a unified view about the presence of bovine staphylococcal genotypes in European countries and to investigate whether these genotypes observed were identical to the Swiss ones with respect to their genetic characteristics (virulence gene patterns). If so, the within-herd epidemiological and pathogenic properties for the particular subtypes detected in Switzerland (Fournier et al., 2008; Graber et al., 2009 ) are expected to be valid for the other countries.
For all major CL (CLB, CLC, CLF, CLI, CLR), GEE analysis revealed high to very high P-values for both covariates (country and sample type). This means that for each major CL, the virulence gene patterns did not differ systematically among countries and they were the same whether the strains were isolated from SQM pools or from BTM. At first glance, the latter result is surprising, because BTM may contain Staph. aureus originating from not only cows with IMI, but also from their environment. However, this result is feasible if the quantities of Staph. aureus contributed by both sources are considered. In the case of Staph. aureus shed in milk, the average amount is 5.9 × 10 3 cfu/mL and may reach values up to 2.2 × 10 7 (Studer et al., 2008) . In the case of Staph. aureus to be isolated from environmental sources (cow surfaces, milking equipment, bedding, humans), however, enrichment procedures are required (Matos et al., 1991; authors' experience) as the quantities are very low in these samples. Consequently, it is very likely that the Staph. aureus present in the BTM sample and on the agar plate originated from cows with staphylococcal IMI. These considerations are confirmed by Sears and McCarthy (2003) , who stated that the principal and overwhelming source for Staph. aureus is the infected gland of cows on the farms.
The results demonstrate that CLB is not restricted to Switzerland but is also present in at least 5 other countries (Austria, Belgium, France, Germany, Italy). Interestingly, they are all situated in central Europe. These findings may result from the traditionally inten-sive cattle movement particularly among Switzerland and its border areas to the adjacent regions of northern Italy, eastern France, southern Germany (BadenWürttemberg), and western Austria. Interestingly, CLB was never observed in the north (Niedersachsen) or middle (Thüringen) regions of Germany although BTM was, by far, the most important sample type for all 3 sampled regions in Germany and the numbers of BTM samples analyzed for Baden-Württemberg and Niedersachsen were similar. Factors other than animal transfer may also be involved. Indeed, sampling was not representative for most of the participating countries and the size and type of the samples differed among the countries, factors that may contribute to underestimating the true prevalence of Staph. aureus genotypes and may explain the absence of Staph. aureus GTB in some countries. However, if Staph. aureus GTB was present in SQM pools or in BTM, 10 colonies could always be picked and these colonies were almost exclusively positive for GTB. These results confirm the theoretical considerations on the detection of this genotype in milk (see Material and Methods) and show that this genotype could be reliably detected if it was present in these samples. In addition, GTB was never observed in the Swedish BC strains although, if present in a country, Staph. aureus GTB is frequently detected in clinical milk samples (Fournier et al., 2008) . Therefore, these findings, together with the results from Germany, support a more localized, middle European distribution of this genotype. For further clarification, however, representative studies for each country separately are necessary. Such a study was recently performed in Switzerland and analyzed 223 BTM samples stratified among the number of dairy herds per canton (H. U. Graber, unpublished data) . Those analyses demonstrated that 10.3% of the herds (approximately 3,300 herds countrywide) were affected with Staph. aureus GTB. The same investigations further revealed local differences in the herd prevalence for Staph. aureus GTB in Switzerland.
In contrast to the rather regional occurrence of CLB, the clusters CLC, CLF, CLI, and CLR were detected almost in any country involved. This is particularly true for CLR, which forms a large cluster containing 8 variants and was frequently observed throughout Europe except in Switzerland, where only one strain has been found so far (even though the Swiss strain collection is large). This ubiquitous occurrence of CLR, but also of CLC, CLF, and CLI, is in clear contrast to the findings for CLB. The straight-line distances between Milan (Italy) and Dublin (Ireland), Oslo (Norway), or Stockholm (Sweden) exceed 1,400 km and include sea crossings, significantly hindering animal movement. If animal movement, however, is the only driving force for spreading of Staph. aureus among cattle, the spreading process for CLC, CLF, CLI, and CLR must have been started a long time ago so that a steady state exists today within Europe. Further investigations, however, are necessary to elucidate the phenomenon of the different spread of the genotypes.
In addition to the exemplified clusters, a considerable number of other genotypes were found (CLOT), 61% of which were observed only once (Table 4) . More frequently detected genotypes were GTS, GTZ, and GTAM but their occurrence was still rare (<5% each). These findings, however, do not rule out some CLOT genotypes being more prominent in specific countries. This was particularly true for GTS (observed only in Germany and Italy), GTAH (Austria), or GTAM (the Netherlands).
The findings of the present study confirm the results previously observed in Switzerland (Fournier et al., 2008) : on the one hand, a few predominant clusters (CLB, CLC, CLF, CLI, CLR) made up a large proportion of all strains (74%). On the other hand, many other genotypes were found (CLOT), but each was rare. Interestingly, all the predominant clusters and 30 out of the 41 rare genotypes (CLOT) were involved in IMI.
The large variety of these latter genotypes and their rare occurrence favors the hypothesis that all genotypes of Staph. aureus and their variants are able to cause bovine IMI. In the case of the CLOT strains, however, animal and environmental risk factors are assumed vital for developing IMI. Considering the major CL strains, these factors are supposed to be less important, probably because these strains are more adapted to cattle and are more pathogenic. However, this is a hypothesis and, like similar hypotheses (e.g., Zadoks and Fitzpatrick, 2009 ), needs to be confirmed by adequate studies.
It is striking that the strains of CLB, CLC, CLF, CLI, and CLR generally showed the same virulence gene patterns and the lukEB polymorphisms as the Swiss strains. Based on this very high genetic conservation within genotypic clusters, we can hypothesize that strains within the same CL show the same epidemiological and pathogenic properties as the Swiss strains, although minor country-specific modifications may occur because of local strain evolution, as shown by the analysis of the coa polymorphism. Indeed, our hypothesis is supported by findings from Italy which demonstrate that strains of CLB are actually strongly associated with contagious IMI in Italian farms, whereas GTC is associated with individual cow disease (Cremonesi et al., 2015) . The results of the current study, however, do not exclude the possibility that in countries where CLB was not detected, other genotypes may be involved in contagious IMI. 
CONCLUSIONS
Staphylococcus aureus was observed in all 12 European countries included in the present study. Analysis of a large collection of strains (n = 456) revealed 5 major genotypic clusters, CLB, CLC, CLF, CLI, and CLR, representing 76% of all isolates, of which CLB, CLC, and CLR were by far the most prominent. The remaining 24% belonged to 41 different genotypes and variants. All of these were rarely observed, with several being observed only once. Clusters CLC and CLR were found in almost every country, whereas CLB was restricted to central Europe. Almost all genotypes previously detected in Switzerland were also present in one or more other countries. The results further demonstrated a high association between genotypes and virulence gene patterns based on the presence of various enterotoxin genes and gene polymorphisms.
